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Introduction 
  
iethanolamine is a colorless alkanola-
mine that is extensively used in phar-
maceutical products, food additives and in 
various agriculture chemicals including 
herbicides1. Owing to its chemical pro-
perties, DEA has also been employed as a D 
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The method is based on a relatively recent ultra Performance liquid chromatography electro 
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The present study reports a fast sensitive method for the separation and determination of 
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dendritic nano molecules by UPLC ESI TOF MS with very small volumes of commercially 
available reagents.  
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starting material in making certain types of 
dendrimers (Figure 1)2-3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: A model for G1 DEA dendrimers. 
 
In parallel, dendrimers are repeatedly 
branched three dimension, poly valent, 
spherical molecules with a defined chemical 
functionality4-6. The “dendrimer” name 
reflects the ordered, branching tree-like 
structure of these polymers7. The dendritic 
surfaces could be conjugated to other 
chemical species that can function as 
indicators, affinity legends, targeting mole-
cules, radio legends, imaging agents, or 
pharmaceutically active compounds8. Water 
soluble dendrimers were made to establish 
their utility in drug delivery, gene 
delivery9,10, as well as, conducting chemical 
reactions in their interiors. This might allow 
researchers to attach both targeting 
molecules and drug molecules to the same 
dendrimer, which could reduce negative 
side effects of medications on healthy cells. 
More importantly, polyamidoamine 
(PAMAM) dendrimers have been determin-
ed to be non-immunogenic and exhibit low 
mammalian toxicity, especially when their 
surface contains anionic or neutral groups, 
such as carboxylic or hydroxylic function-
alities10. To this end DEA has been 
extensively used as a starting material for 
dendrimers with hydroxyl functionality. 
Unfortunately, Lehman-McKeeman et al 
and Newberne reported that DEA showed 
hepato-carcinogenicity in mice. Barbee and 
Hartung and Mathewset et al reported that 
DEA alters phospholipid biosynthesis and 
may disrupt choline homeostasis1,11-13. In 
addition, DEA is a small molecule (Mw = 
105) that usually hides in-between the 
dendrimers branches and makes the process 
of removing it from the dendrimers a 
difficult task. Thus, the need to detect trace 
amounts of DEA and hence purifying the 
molecules from them is essential.  
Several methods are currently available for 
the determination of alkanolamines, 
including titration, gas chromatography and 
high performance liquid chromatography. 
However, the tedious sample preparation 
and the lack of natural chromophores or 
fluorophores were behind the need for new 
simple and sensitive methods to detect these 
compounds. Ion chromatography, works 
well for separation of alkanolamines. 
However, the sensitivity by conductivity 
detection is poor. Recently, Ultra 
performance liquid chromatography 
(UPLC) has originated as a relatively new 
technique that increases the expectation in 
liquid chromatography by shortening the 
time of analysis and decreasing both the 
amount of used solvents and analyzed 
samples. Special analytical columns, for 
example "Acquity UPLC BEH C5, C8 and 
C18" packed with 1.7 μm particles are used. 
As a result, the time of analysis decreased to 
about nine times when compared to the 
conventional system using 5 μm particle 
packed within analytical columns14-16. The 
drawback of decreasing the particle size is 
the increase in the back-pressure which 
increases about nine times (versus 5 μm) 
and hence a very high pressure (up to 100 
MPa) is produced. However, the separation 
efficiency remains unaffected or even 
improved. UPLC combined with ESI-TOF-
MS offers an unparalleled on-column rapid 
resolving power, sensitivity and mass 
analysis. The Electrospray Ionization (ESI) is 
classified as a ‘soft’ ionization technique 
where the molecular ions of the analyte are 
most often not fragmented during the 
ionization process17. For the aforementioned 
advantages, we combined the application of 
the UPLC with the ESI-TOF-MS in our study 
to develop a rapid, simple, and sensitive 
method to detect traces of DEA (as a model 
for alkanolamines) in a small dendritic 
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polymers (namely, the first generation of 
dendrimers that contain 3 DEA groups). 
 
Material and Methods 
 
Chemicals  
All routine chemicals were obtained from 
Sigma-Aldrich (Milwaukee, WI, USA). 
Generation one tri-alkanolamine dendrimers 
was obtained from Dendritic Nano-
technologies INC (Mt. Pleasant, MI, USA). 
All solvents are LC-MS Grade 
(CHROMASOLV) from Sigma-Aldrich 
(Milwaukee, WI, USA). DI water was 
obtained from Millipore-Billerica 
(Massachusetts, USA) with water of 
resistivity of 18.2 MΩ cm-1.  
 
Equipments 
A Waters® ACQUITY UPLC® System with 
the LCT Premier™ XE™ ESI-TOF mass 
spectrometer (Milford, MA, USA) was used 
to acquire intact G1-OH alkanolamine 
dendrimers and alkanolamine molecules. 
The parameters used for MS were as follow: 
a capillary voltage of 2800-3300 V, a sample 
cone voltage of 50 V, a source temperature 
of 110ºC, a cone gas flow of 30L/hr and a 
desolvation temperature of 500ºC. For data 
acquisition, 0.01 second inter-scan delay, 400 
to 3500 m/z, positive ion and W-geometry 
mode were applied. The calibration of the 
system was performed over 50–1000 m/z 
using a 0.4 mg/ml NaI solution. The 
infusion rate of 120-500 μl/hr was applied 
by a programmable syringe pump (Cole 
Parmer, Vernon Hills, IL, USA). The 
chromatography was performed on 
ACQUITY UPLC BEH C8 Column, 2.1 x 100 
mm, 1.7 μm (Waters®, Milford, MA, USA). 
Two detectors were then applied namely, 
the total ion current detector (TIC) and the 
micro channel plates (MCP) detector.  
 
Procedure 
A 10 mg of G1-OH dendrimers was diluted 
with 50% Methanol in DI water to make a 
solution of 0.2mg/ml. This sample was then 
divided into two parts; the first part was 
diluted to 10 μg/ml with 50% 50% Methanol 
in DI water and injected directly into the 
UPLC-ESI-TOF machine. The second part 
was dialyzed against 50% Methanol in DI 
water (1000ml) for 2 hours using a 
Spectra/Por® Biotech dialysis tubing, 
MWCO 500 (SPECTRUM® LABORA-
TORIES, INC, Rancho Dominguez, CA, 
USA). The dialyzed solutions were then 
lyophilized in Free Zone 6 Liter Console 
Freeze Dry System, (Labconco Corporation, 
Kansas City, MO, USA). The yield (for the 
second part) was found to be 41.3% w/w. 
The reason for dialysis is to remove traces of 
the DEA and impurities of MW < 500Da. 
Samples of 5μl were then injected for the 
UPLC study and a gradient elution program 
was adapted as shown in Table 1. 
 
Table 1: Gradient elution program for the 
UPLC-ESI-TOF-MS. 
 
Time 
(min) 
Flow 
Rate 
% 
Water 
% 
Acetonitrile 
Initial 0.2 97 3 
1 0.1 97 3 
7 0.1 25 75 
9 0.2 25 75 
10 0.2 97 3 
 
Samples were then identified based on their 
retention times (RT) and their nominal 
deconvoluted masses within each LC/MS 
run. Standard calibration curves for DEA 
were obtained by diluting 12 mg of DEA 
with Methanol to make 4 mg/ml solution. A 
0.8-4 μg/ml standard solutions were then 
made in 0.1 %TFA\water by further 
dilutions. Each sample was injected in the 
UPLC-ESI-TOF-MS and analyzed. The mean 
and the standard deviation for each injection 
was recorded as shown in Table 2. Linear 
(response/weight injected) relationships 
were used to perform the calibration over an 
analytical range of 4.0–20.0 ng/injection. For 
G1-OH dendrimers (either before or after 
dialysis), a 10 μg/ml solution was made for 
The UPLC-ESI-TOF-MS experiment. The 
DEA contents of G1-OH dendrimer was 
then detected by MCP and TIC detectors 
and calculated from the calibration curves 
using the straight line equation y = ax + b.  
Hosam Gharib Abdelhady 
  
 
89 
J T U Med Sc 2011; 6(2) 
Table 2: Calibration of the UPLC-ESI-TOF-
MS for DEA detected by TIC and MCP 
detectors.  
 
Weight (ng) 
Injected 
Response 
Ms TIC x 10-1 MCP  
4.0 72.3 ± 4.5 48.1 ± 0.9 
8.0 158.0 ± 3.1 87.9 ± 3.5 
12.0 252.0 ± 1.5 138.0 ± 2.8 
16.0 363.0 ± 2,6 182.0 ± 2.4 
20.0 449.0 ± 2.7 213.0 ± 3.3 
 
Results 
 
Figure 2 depicts (at 1.08 minutes) the MCP 
peak (A) for DEA in the standard solutions 
compared with the MCP peak (C) for the 
mobile phase (blank). It also shows, at the 
same time, the TIC signals (B) for DEA 
compared with TIC signals (D) for the 
mobile phase. The MCP and TIC peaks 
clearly show strong signals for DEA and the 
absence of these signals for the blank. 
The detection for DEA was linear over the 
concentration range of 4 to 20 ng/injection 
by the TIC detector with R2 = 0.998 and by 
the MCP detector with R2 = 0.994. Table 2 
and Figure 3 show the results for these 
calibrations.   
Figure 4 shows the effect of dialysis on the 
presence of DEA (starting material) in the 
G1-OH dendrimers. Within this figure, both 
A and D show the UPLC peaks (at retention 
time (Rt) = 1min) detected by MCP detector 
for the G1-OH dendrimer before and after 
dialysis respectively. It is obvious that the 
dialysis for the aforementioned time has 
purified the molecule to an extent that 
shows some decrease in the broadness of the 
MCP peak. Figure 4(B) and Figure 4(E) 
show TIC spectrums for the G1-OH 
dendrimer (at Rt = 1 min) before and after 
dialysis respectively. Both spectrums show 
the [M+H]1+ value for the G1-OH 
dendrimers at mass number 618.32. It is 
obvious that spectrum E (after dialysis) is 
much cleaner than spectrum B (before 
dialysis). The C and F spectrums are 
magnified sections from B and E spectrums 
respectively. Both spectrums show the 
[M+H]1+ value of DEA at mass number 
106.07 before (TIC = 81.6 (4.6ng)) and after 
(TIC 17.0 (1.9 ng)) dialysis respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: MCP peak (A) for DEA compared with MCP peak (C) for the mobile phase (blank) and TIC 
signals (B) for DEA compared with TIC signals (D) for the mobile phase. The MCP and TIC peaks clearly 
show strong signals for DEA and the absence of these signals for the blank. 
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Figure 3: Calibration of the UPLC-ESI-TOF-MS for DEA detected by TIC (blue) and MCP (red) 
detectors. 
 
 
Figure 4: Shows the effect of dialysis on the presence of DEA (starting material) in the G1-OH 
dendrimers. Within this figure, A and D show the UPLC peaks detected by MPC detector for the G1-OH 
dendrimer before and after dialysis respectively. B and E show the m/z signals detected by TIC detector for 
the G1-OH dendrimer before and after dialysis respectively.  
 
Discussion 
 
The dialysis of the dendritic molecules for 2 
hrs (which is a very short time for dialysis in 
general) has interestingly removed ca 58.7% 
of the starting materials from the G1-OH 
dendrimers. This could be attributed to the 
fact that G1-OH denrimers have just three 
major branches (dendrones) and thus small 
molecules such as DEA couldn't hide from 
the surrounding solvent (Methanol/water 
50:50) which in turn dissolves and removes 
the DEA from the dendrones of the G1-OH 
dendrimers (Figure 5). Another factor that 
Hosam Gharib Abdelhady 
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facilitates the clearance of the DEA from the 
dendrimers is the very low weight (10μg) of 
dendrimers that was dialyzed if compared 
with the applied volume of the dialysis 
solvent (1000 ml). This condition makes the 
dendrimers in a sink condition and helps in 
releasing the DEA from the dendrimers 
within a short time (2 hours). It is worthy 
to mention that Larger dendrimer 
generations will have more surface 
branches and more dendrones that may 
physically trap small molecules such as 
DEA by nano-encapsulation and 
chemically by hydrogen bonding and 
hence longer time of dialysis, several 
solvent exchanges and even different pH(s) 
may be required to free the trapped 
molecules from the product. The pH effect 
is very interesting where the dendrimer 
molecules swill due to the protonation of 
their tertiary amines if the pH of the 
dialysis solution is less than the pK of the 
tertiary amine (ca 6)18. The swilling of the 
dendrimers increases their internal voids 
and liberates the physically trapped DEA 
molecules to the dialysis medium and 
hence facilitates its removal from the 
molecules. In parallel, the applied UPLC-
ESI-TOF-MS method can be expected to be 
applicable for the determinations of 
primary, secondary and tertiary amine of 
molecules that have weak chromophores in 
both small and large dendritic molecules. 
 
 
 
Figure 5: Shows the DEA molecules trapped 
within the model of G1-OH dendrimers. 
Conclusion 
This study reported a quick, sensitive, non-
destructive UPLC-ESI-TOF-MS method for 
detecting and quantifying DEA that has a 
weak chromophore. The UPLC-ESI-TOF-
MS run including the time for cleaning the 
column was 10 minutes. The amount of 
dendrimers required for analysis was 50 
ng/injection. The volume of the mobile 
phase used was 1.5ml/run and the 
detection limit for DEA was 1.9 ng.   
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